Abstract-Networked markets typically operate on multiple time scales. For example, electricity markets are split into slow timescale economic dispatch and fast timescale frequency regulation markets. Nevertheless, the different time scales are typically viewed as fundamentally different problems and hence are studied separately. In this paper, we frame and study a joint problem that optimizes both slow and fast timescale resources in electricity markets. We provide necessary and sufficient conditions under which the joint problem can be decomposed without loss of optimality into slow and fast timescale problems. These slow and fast timescale problems have appealing interpretations as the economic dispatch and frequency regulation problems respectively. Moreover, the fast timescale problem can be solved using a distributed algorithm that preserves the stability of the network during transients. We apply our result to propose an efficient market mechanism for coordinating economic dispatch and frequency regulation resources.
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I. INTRODUCTION
One of the main objectives of power system operators is to schedule power generation to meet demand at minimum cost while respecting operating constraints. Due to the complexity of the global system problem, it is typically broken up into two separate sub-problems -(slow timescale) economic dispatch and (fast timescale) frequency regulation -which are traditionally studied independently of each other. Moreover, economic dispatch is implemented using a market mechanism while frequency regulation is done via engineered controllers.
Economic dispatch operates at a slower timescale (intervals of 5 minutes or longer) and focuses on cost efficiency. It seeks to schedule generation so that total cost is minimized subject to operating constraints, e.g. line limits, generation capacities, ramping constraints, etc. It is currently implemented by a market mechanism known as supply function bidding. In this mechanism, generators submit supply functions to the system operator which specify (as a function of price) the amount a generator is willing to produce. The system operator uses those bids to solve a centralized optimization problem to schedule generation in the most cost-efficient manner while satisfying demand and operating constraints. This is an extended abstract. The full paper is [1] .
Frequency regulation operates at a faster timescale (from 30 seconds to a few minutes) and focuses on stability rather than efficiency. In particular, it seeks to compensate imbalance between generation and demand by quickly rescheduling fast ramping generators. It is currently implemented by a mechanism known as Automatic Generation Control (AGC), which rebalances power and restores the nominal frequency within independent control areas using local measurements.
While economic dispatch and frequency regulation each, individually, have large and active literatures; these literatures are almost completely disparate. The goal of this paper is to initiate a study of whether the combination of economic dispatch and frequency regulation solves the global system operator's problem optimally.
Our main result provides an initial answer (see [1] ). In the context of a DC power flow model and two classes of generators (peakers and baseloads), we show that the global system operator's problem can be decomposed into two subproblems corresponding to economic dispatch and frequency regulation without loss of optimality if the time-average prices at each node within each slow timescale interval (used by economic dispatch) are zero. This result can be viewed as a first-principles justification for the current separation of the global problem into economic dispatch and frequency regulation. Furthermore, it provides a guide for designing jointly optimal economic dispatch market mechanisms and frequency regulation control policies.
Our frequency regulation controller differs from existing operations in important ways. Our proposed controller (which builds on [2] ), uses information on generators' costs to drive the power system to an operating point that also minimizes system costs. On the other hand, existing approaches use participation factors from the economic dispatch run to drive the power system to a stable operating point. Since participation factors might not reflect actual generation costs, the resulting allocation might not be efficient. Our economic dispatch problem can be implemented using a market mechanism based on supply function bidding (similar to existing operations). However, our proposed mechanism differs from existing operations in that we allocate frequency regulation resources optimally and we do so without requiring additional communication in the market. This is achieved by using supply functions submitted at the economic dispatch timescale to allocate frequency regulation resources.
